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57 ABSTRACT

During zooming from the wide angle end to the telephoto end,
the distance between the first lens unit having a positive
refractive power and the second lens unit having a negative
refractive power, the distance between the second lens unit
and the third lens unit having a positive refractive power, and
the distance between the third lens unit and the fourth lens
unit having a negative refractive power vary. In zooming from
the wide angle end to the telephoto end, the first lens unit is
located closer to the object side at the telephoto end than at the
wide angle end. The first lens unit consists of two lenses
including a negative lens and a positive lens. The first lens unit
has at least one aspheric surface in the optical path. The zoom
lens satisfies the following conditional expression (1):

0.5 11/ Brear) Fr.61<1.0 .

20 Claims, 20 Drawing Sheets
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Z0OOM LENS AND IMAGE PICKUP
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2012-245807 filed on Nov. 7, 2012; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates a zoom lens and an image
pickup apparatus using the same.

2. Description of the Related Art

As a 7zoom lens having a high zoom ratio, a zoom lens
disclosed in Japanese Patent Application Laid-Open No.
2012-083472 has been known.

SUMMARY OF THE INVENTION

A zoom lens according to the present invention comprises,
in order from the object side to the image side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power; and

a fourth lens unit having a negative refractive power,
wherein

during zooming from the wide angle end to the telephoto
end, the distance between the first lens unit and the second
lens unit, the distance between the second lens unit and the
third lens unit, and the distance between the third lens unit and
the fourth lens unit vary,

in zooming from the wide angle end to the telephoto end,
the first lens unit is located closer to the object side at the
telephoto end than at the wide angle end,

the first lens unit consists of two lenses including a negative
lens and a positive lens,

the first lens unit has at least one aspheric surface in the
optical path, and

the zoom lens satisfies the following conditional expres-
sion (1):

0.5 12/Brear)Fre1<1.0 ),

where [L;;,is the distance on the optical axis from the refract-
ing surface closest to the object side in the entire zoom lens
system to the image plane at the telephoto end, B,,.,, is the
absolute value of the lateral magnification of a composite
optical system from the second lens unit to the image plane at
the telephoto end, and F, , is the focal length of the first lens
unit.

A zoom lens according to another aspect of the present
invention comprises, in order from the object side to the
image side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power; and

a fourth lens unit having a negative refractive power,
wherein

during zooming from the wide angle end to the telephoto
end, the distance between the first lens unit and the second
lens unit, the distance between the second lens unit and the
third lens unit, and the distance between the third lens unit and
the fourth lens unit vary,
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2

in zooming from the wide angle end to the telephoto end,
the first lens unit is located closer to the object side at the
telephoto end than at the wide angle end,

the first lens unit consists of two lenses including a negative
lens and a positive lens,

the first lens unit has at least one aspheric surface in the
optical path, and

the zoom lens satisfies the following conditional expres-
sion (2):

0.3<F; 1/F1<0.57 ),

where F; ., is the focal length of the first lens unit, and F;, is
the focal length of the entire zoom lens system at the telephoto
end.

An image pickup apparatus according to the present inven-
tion comprises:

one of the above described zoom lenses; and

an image pickup element that converts an image formed by
the zoom lens into an electrical signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, and 1C are cross sectional views of a zoom
lens according to a first example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 1A shows the state at the wide angle end,
FIG. 1B shows the state in an intermediate focal length state,
and FIG. 1C shows the state at the telephoto end;

FIGS. 2A, 2B, and 2C are cross sectional views of a zoom
lens according to a second example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 2A shows the state at the wide angle end,
FIG. 2B shows the state in an intermediate focal length state,
and FIG. 2C shows the state at the telephoto end;

FIGS. 3A, 3B, and 3C are cross sectional views of a zoom
lens according to a third example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 3A shows the state at the wide angle end,
FIG. 3B shows the state in an intermediate focal length state,
and FIG. 3C shows the state at the telephoto end;

FIGS. 4A, 4B, and 4C are cross sectional views of a zoom
lens according to a fourth example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 4A shows the state at the wide angle end,
FIG. 4B shows the state in an intermediate focal length state,
and FIG. 4C shows the state at the telephoto end;

FIGS. 5A, 5B, and 5C are cross sectional views of a zoom
lens according to a fifth example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 5A shows the state at the wide angle end,
FIG. 5B shows the state in an intermediate focal length state,
and FIG. 5C shows the state at the telephoto end;

FIGS. 6A, 6B, and 6C are cross sectional views of a zoom
lens according to a sixth example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 6A shows the state at the wide angle end,
FIG. 6B shows the state in an intermediate focal length state,
and FIG. 6C shows the state at the telephoto end;

FIGS. 7A, 7B, and 7C are cross sectional views of a zoom
lens according to a seventh example of the present invention
taken along its optical axis, showing its configuration in the
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state in which the zoom lens is focused on an object point at
infinity, where FIG. 7A shows the state at the wide angle end,
FIG. 7B shows the state in an intermediate focal length state,
and FIG. 7C shows the state at the telephoto end;

FIGS. 8A, 8B, and 8C are cross sectional views of a zoom
lens according to an eighth example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 8 A shows the state at the wide angle end,
FIG. 8B shows the state in an intermediate focal length state,
and FIG. 8C shows the state at the telephoto end;

FIGS. 9A to 9L are aberration diagrams of the zoom lens
according to the first embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.10A to 10L are aberration diagrams of the zoom lens
according to the second embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.11Ato 111 are aberration diagrams of the zoom lens
according to the third embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.12Ato 121 are aberration diagrams of the zoom lens
according to the fourth embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.13Ato 131 are aberration diagrams of the zoom lens
according to the fiftth embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.14A to 141 are aberration diagrams of the zoom lens
according to the sixth embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.15A to 151 are aberration diagrams of the zoom lens
according to the seventh embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIGS.16Ato 161 are aberration diagrams of the zoom lens
according to the eighth embodiment in the state in which the
zoom lens is focused on an object point at infinity;

FIG. 17 is a cross sectional view of a compact camera as an
image pickup apparatus using a zoom lens according to the
present invention and using a small-size CCD or CMOS as an
image pickup element;

FIG. 18 is a front perspective view showing the outer
appearance of a digital camera as an image pickup apparatus;

FIG. 19 is a rear perspective view of the digital camera as
an image pickup apparatus; and

FIG. 20 is a block diagram showing the relevant internal
circuit configuration of the digital camera.

DETAILED DESCRIPTION OF THE INVENTION

In the following, embodiments of the zoom lens and the
image pickup apparatus using the same according to the
present invention will be described in detail with reference to
the drawings. It should be understood, however, that the
present invention is by no means limited by the embodiments.

Prior to the description of examples, the operation and
advantages of the zoom lens according to some embodiments
of the present invention will be described.

A zoom lens according to an embodiment of the present
invention includes, in order from the object side to the image
side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power; and

a fourth lens unit having a negative refractive power,
wherein

during zooming from the wide angle end to the telephoto
end, the distance between the first lens unit and the second
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lens unit, the distance between the second lens unit and the
third lens unit, and the distance between the third lens unit and
the fourth lens unit vary,

the first lens unit is located closer to the object side at the
telephoto end than at the wide angle end,

the first lens unit consists of two lenses including a negative
lens and a positive lens, and

the first lens unit has at least one aspheric surface in the
optical path.

This is the basic construction ofthe zoom lens according to
this embodiment.

This construction is advantageous for achieving an appro-
priately high zoom ratio. Moreover, this construction allows
the first lens unit to be located closer to the image side at the
wide angle end, helping reduction of the diameter of the zoom
lens.

At the telephoto end, the first lens unit and the second lens
unit constitute a telephoto type configuration having a posi-
tive-negative refractive power arrangement, and in addition
the third lens unit and the fourth lens unit also constitute a
telephoto type configuration having a positive-negative
refractive power arrangement. This is advantageous for
reduction of the overall length of the zoom lens at the tele-
photo end.

Furthermore, the first lens unit has an aspheric surface and
consists of two lenses including a negative lens and a positive
lens. This makes the construction of the first lens unit simple
and helps reduction of chromatic aberration at the telephoto
end and reduction of curvature of field at the wide angle end.

It is preferred that the zoom lens having the above-de-
scribed basic construction satisfy one or more of the follow-
ing features.

Itis preferred that the following conditional expression (1)
be satisfied:

0.5<(L 12/ Brecr)Fre1<1.0 1),

where [L;;,is the distance on the optical axis from the refract-
ing surface closest to the object side in the zoom lens to the
image plane at the telephoto end, f3,,,,,. is the absolute value of
the lateral magnification of a composite optical system from
the second lens unit to the image plane at the telephoto end,
and F; ;, is the focal length of the first lens unit.

It is preferred that the lateral magnification of the compos-
ite optical system made up of the second and subsequent lens
units be so small that the value of the term (L /B,..,,)/F 1 g1 I
conditional expression (1) does not fall below the lower limit.
This helps reduction of magnification of chromatic aberration
that tends to be generated in the first lens unit.

It is preferred that the refractive power of the first lens unit
is so low that the value of the term (L /B,.,.,)/F; &, in con-
ditional expression (1) does not exceed the upper limit. This
helps reduction of curvature of field at the wide angle end or
reduction of the overall length of the zoom lens at the tele-
photo end, facilitating reduction of variation in the weight
balance of the zoom lens.

It is preferred that the first lens unit satisfies the following
conditional expression (2):

0.3<F; 1/F1<0.57 ),

where F; , is the focal length of the first lens unit, and F, is
the focal length of the entire zoom lens system at the telephoto
end.

It is preferred that the refractive power of the first lens unit
be so low that the value of the term F, ,/F;, in conditional
expression (2) does not fall below the lower limit. This helps



US 9,088,724 B2

5

reduction of axial and off-axis chromatic aberration at the
telephoto end and also helps reduction of spherical aberration
at the telephoto end.

If the refractive power of the first lens unit be so high that
the value of the term F; 5, /F;, in conditional expression (2) is
not exceeded, the overall length of the zoom lens at the
telephoto end can be made small, and variation in the weight
balance with the zooming can readily be reduced.

It is preferred that the zoom lens further have a fifth lens
unit having a positive refractive power arranged on the image
side of the fourth lens unit, the distance between the fourth
lens unit and the fifth lens unit vary during zooming from the
wide angle end to the telephoto end, and the zoom lens be a
five-unit zoom lens.

With this configuration, the zoom lens has a symmetrical
refractive power arrangement in which refractive powers of
the lens units are, in order from the object side, positive,
negative, positive, negative, and positive. This is advanta-
geous for reduction of aberration over the zoom range from
the wide angle end to the telephoto end.

Moreover, even when the fourth lens unit is designed to
have a high negative refractive power, the position of the exit
pupil can be made distant from the image plane by the effect
of the fifth lens unit. Still further, the fourth lens unit having
a high negative refractive power favorably leads to reduction
in the size of the first to third lens units.

It is preferred that the first lens unit satisfies the following
conditional expression (3):

0.004<F 6, /(FLXIV 61~V 6.1, )<0.020 3)

where F; , is the focal length of the first lens unit, F;, is the
focal length of the entire zoom lens system at the telephoto
end, v, is the Abbe constant of the positive lens in the first
lens unit, and v 5, is the Abbe constant of the negative lens in
the first lens unit, v, being expressed by v, ,=(n,,-1)
(ng,-n.,,) where n,, is the refractive index of the positive lens
in the first lens unit with respect to the d-line, n., is the
refractive index of the positive lens in the first lens unit with
respect to the C-line, and n,, is the refractive index of the
positive lens in the first lens unit with respect to the F-line, and
Va1, being expressed by v, ,=(n,,~1)/(0y,~nc,) where n,
is the refractive index of the negative lens in the first lens unit
with respect to the d-line, n,, is the refractive index of the
negative lens in the first lens unit with respect to the C-line,
and ng,, is the refractive index of the negative lens in the first
lens unit with respect to the F-line.

It is preferred that the value of the term F ;, (Fy xIvg, -
Vg1,l) 1n conditional expression (3) do not fall below the
lower limit and do not exceed the upper limit. This is advan-
tageous for correction of chromatic aberration of magnifica-
tion in the first lens unit. Then, the first lens unit is allowed to
be designed to have a high positive refractive power, facili-
tating reduction of the overall length of the zoom lens at the
telephoto end.

If the value of the term F; ;,/(F; x|V, ,~Vs1,!) in condi-
tional expression (3) does not fall below the lower limit,
overcorrection of chromatic aberration can readily be pre-
vented. If the value of the term F, ¢ /(F; xIVg,=Vey,l) in
conditional expression (3) does not exceed the upper limit,
correction of chromatic aberration is facilitated.

It is preferred that the first lens unit satisfies the following
conditional expression (4):

2<FLGl/(FLzX‘PGlp‘PGln‘)qo ),

where F; , is the focal length of the first lens unit, F;, is the
focal length of the entire zoom lens system at the telephoto
end, P, is a value expressed by P, ,=(n,,—-1nz,)/(0z,-0.,),
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where n,, is the refractive index of the positive lens in the first
lens unit with respect to the g-line, n, is the refractive index
of the positive lens in the first lens unit with respect to the
F-line, and n,, is the refractive index of the positive lens in the
first lens unit with respect to the C-line, and P, ,, is a value
expressed by P, ,=(n,,—ng,)/(0g,-n,), where n,,, is the
refractive index of the negative lens in the first lens unit with
respect to the g-line, n,, is the refractive index of the negative
lens in the first lens unit with respect to the F-line, and n,, is
the refractive index of the negative lens in the first lens unit
with respect to the C-line.

It is preferred that the value of the term F, ;, /(F; xIP g, ,~
P&1,,l) in conditional expression (4) do not fall below the
lower limit and do not exceed the upper limit. This is advan-
tageous for correction of chromatic aberration of magnifica-
tion attributed to secondary spectrum in the first lens unit.
Moreover, the first lens unit can be designed to have a high
positive refractive power, facilitating reduction of the overall
length of the zoom lens at the telephoto end.

If the value of the term F, ;,/(F; ,xIPg,,~Pg,, ) in condi-
tional expression (4) does not fall below the lower limit,
secondary spectrum generated by the positive lens and sec-
ondary spectrum generated by the negative lens can cancel
each other, helping reduction of chromatic aberration of mag-
nification attributed to secondary spectrum at the telephoto
end.

If the value of the term F, ;,/(F;,xIPg,,~Pg,, ) in condi-
tional expression (4) does not exceed the upper limit, selected
materials of the positive lens and the negative lens will have a
difference in the Abbe constant or the refractive index ther-
ebetween, which helps correction of other aberrations.

It is preferred that the first lens unit satisfies the following
conditional expression (5):

0.05<(L gz L1,,)/F1,<0.30 G,

where L, is the distance on the optical axis from the refract-
ing surface closest to the object side in the zoom lens to the
image plane at the wide angle end, L., , is the distance on the
optical axis from the refracting surface closest to the object
side in the zoom lens to the image plane at the telephoto end,
and F;, is the focal length of the entire zoom lens system at the
telephoto end.

Ifthe overall length of the zoom lens at the wide angle end
is so small that the value of the term (L,;,~L ., )F;, in
conditional expression (5) does not fall below the lower limit,
the effective diameter of the first lens unit can be designed to
be small. This is advantageous for correction of curvature of
field in the wide angle focal length range.

If the value of the term (L, ,~L,, )F;, in conditional
expression (5) does not exceed the upper limit, the lateral
magnification of a composite optical system constituted by
the portion of the zoom lens on the image side of the first lens
unit at the telephoto end can be made small. This is advanta-
geous for reduction of chromatic aberration of magnification.

It is preferred that the first lens unit consists, in order from
the object side to the image side, of a negative lens and a
positive lens, and each of the negative lens and the positive
lens in the first lens unit be a single lens.

Then, the first lens unit can include four refracting surfaces
with a small number of lenses. This helps correction of aber-
rations.

Furthermore, it is preferred that the distance between the
negative lens and the positive lens increase with increasing
distance from the optical axis.

This helps reduction of chromatic aberration of magnifica-
tion at the telephoto end. Moreover, the first lens unit can be
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designed to have a high positive refractive power, facilitating
reduction of the overall length of the zoom lens.

It is preferred that the positive lens in the first lens unit have
an aspheric surface, and both the object side surface and the
image side surface thereof be aspheric surfaces.

The aspheric surface on the image side is advantageous for
correction of curvature of field at the wide angle end. The
aspheric surface on the object side facilitates correction of
spherical aberration over the entire wavelength range used for
imaging at the telephoto end.

It is preferred that the fourth lens unit be located closer to
the object side at the telephoto end than at the wide angle end.

This is advantageous for reduction of variation in the cur-
vature of field with zooming.

It is preferred that the zoom lens further have a fifth lens
unit having a positive refractive power arranged on the image
side of the fourth lens unit, during zooming from the wide
angle end to the telephoto end the fifth lens unit first move
toward the image side, and the fifth lens unit be located closer
to the image side at the telephoto end than at the wide angle
end.

Thus, the fifth lens unit can be designed to have a magni-
fying effect. This is advantageous in achieving an adequate
zoom ratio of the zoom lens. In particular, if the fifth lens unit
has a magnifying effect in the wide angle focal length range,
the lens units moving on the object side of the fifth lens unit
need not be designed to move fast, leading to reduction in the
power load on the driving system. Furthermore, variation of
spherical aberration with zooming in the wide angle focal
length range can readily be reduced.

Furthermore, it is preferred that during zooming from the
wide angle end to the telephoto end, the fifth lens unit move
only toward the image side.

With this feature, the contribution of the lens units located
on the object side of the fifth lens unit to the magnification
variation can be made smaller, facilitating reduction of varia-
tion in curvature of field and variation in spherical aberration
with zooming from the wide angle end to the telephoto end.

Furthermore, it is preferred that during zooming from the
wide angle end to the telephoto end, the first lens unit move
only toward the object side.

This is advantageous for reduction in the size of the zoom
lens atthe wide angle end and for achieving an adequate zoom
ratio.

It is preferred that for focusing from a long distance to a
short distance, the fourth lens unit move toward the image
side.

This helps reduction of variation in the image size on the
image pickup surface (or the angle of view) and variation in
aberration during the focusing operation.

It is preferred that the fourth lens unit be a single lens.

This leads to a reduction in the weight of the focusing lens
unit, which is advantageous for reduction of electric power
needed for focusing.

The fourth lens unit may be adapted to be shifted in direc-
tions perpendicular to the optical axis to stabilize image
vibration caused by vibration of the zoom lens.

It is preferred that the second lens unit be located closer to
the image side at the telephoto end than at the wide angle end,
the third lens unit be located closer to the object side at the
telephoto end than at the wide angle end, the fourth lens unit
be located closer to the object side at the telephoto end than at
the wide angle end so that the distance between the fourth lens
unit and the third lens unit and the distance between the fourth
lens unit and the fifth lens unit are larger at the telephoto end
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than at the wide angle end, and the fifth lens unit be located
closer to the image side at the telephoto end than at the wide
angle end.

With the above feature, aberration can readily be reduced
while achieving an adequate zoom ratio of the zoom lens. In
addition, it is easy to reduce variation in the weight balance of
the zoom lens as a whole.

Itis preferred that the following conditional expression (6)
be satisfied:

17<F; /F;,,<50 (6),

where F; , is the focal length of the entire zoom lens system at
the telephoto end, and F;,, is the focal length of the entire
zoom lens system at the wide angle end.

If the value of the term F, /F;,, in conditional expression
(6) does not fall below the lower limit, the variation in the
angle of view of in imaging can be made large, allowing
angles of view suitable for various shooting situations to be
selected. This is particularly advantageous in situations of
shooting in the extremely long focal length range.

If the value of the term F, /F;  in conditional expression
(6) does not exceed the upper limit, the zoom lens can be
designed to have an appropriate speed at the telephoto end,
even if the overall length of the zoom lens is made small.

An image pickup apparatus according to an embodiment
includes the zoom lens according to the above-described
embodiment and an image pickup element that converts an
image formed by the zoom lens into an electrical signal.

With this construction, the overall length at the telephoto
end of the focal length range can be made small, and variation
in the weight balance with zooming can readily be made
small. Furthermore, this construction is advantageous for
improvement in the stability of the image pickup apparatus
when it is mounted on a tripod regardless of the zoom state.

Itis preferred that the image pickup apparatus according to
the embodiment have a signal conversion unit to which the
electrical signal is input to convert it into a signal representing
an image in which distortion of the image formed on the
image pickup element is corrected.

Thus, the image formed by the zoom lens in the wide angle
focal length range may have distortion. This favors correction
of curvature of field in the wide angle focal length range.
Moreover, correction of distortion by signal processing fur-
ther favors both size reduction and improvement in the per-
formance.

In cases where the zoom lens has a focusing function, the
above-described features and conditions should be inter-
preted as those in the state in which the zoom lens is focused
on an object on the optical axis at the farthest distance.

It is preferred that two or more of the above-described
features and conditions be adopted in combination.

Itis preferred that the upper and/or lower limit values in the
conditional expressions presented in the foregoing be further
limited as follows in order that the advantages can be enjoyed
more surely.

In conditional expression (1), it is more preferred that the
lower limit value be 0.55, still more preferably 0.60, and the
upper limit value be 0.85, still more preferably 0.80.

In conditional expression (2), it is more preferred that the
lower limit value be 0.32, still more preferably 0.35, and the
upper limit value be 0.50, still more preferably 0.40.

In conditional expression (3), it is more preferred that the
lower limit value be 0.0045, still more preferably 0.0048, and
the upper limit value be 0.015, still more preferably 0.012.

In conditional expression (4), it is more preferred that the
lower limit value be 2.5, still more preferably 3.0, and the
upper limit value be 8.8, still more preferably 7.0.
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In conditional expression (5), it is more preferred that the
lower limit value be 0.055, still more preferably 0.06, and the
upper limit value be 0.25, still more preferably 0.20.

In conditional expression (6), it is more preferred that the
lower limit value be 18, still more preferably 19, and the upper
limit value be 30, still more preferably 25.

In the following, first to eighth examples of the zoom lens
according to the present invention will be described. FIGS.
1A, 1B, and 1C are cross sectional views of a zoom lens
according to the first example of the present invention taken
along its optical axis, showing its configuration in the state in
which the zoom lens is focused on an object point at infinity,
where FIG. 1A shows the state at the wide angle end, FIG. 1B
shows the state in an intermediate focal length state, and FIG.
1C shows the state at the telephoto end. FIGS. 2A, 2B, and 2C
are cross sectional views of a zoom lens according to the
second example of the present invention taken along its opti-
cal axis, showing its configuration in the state in which the
zoom lens is focused on an object point at infinity, where FIG.
2 A shows the state at the wide angle end, FIG. 2B shows the
state in an intermediate focal length state, and FIG. 2C shows
the state at the telephoto end.

FIGS. 3A, 3B, and 3C are cross sectional views of a zoom
lens according to the third example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 3 A shows the state at the wide angle end,
FIG. 3B shows the state in an intermediate focal length state,
and FIG. 3C shows the state at the telephoto end. FIGS. 4A,
4B, and 4C are cross sectional views of a zoom lens according
to the fourth example of the present invention taken along its
optical axis, showing its configuration in the state in which the
zoom lens is focused on an object point at infinity, where FIG.
4 A shows the state at the wide angle end, FIG. 4B shows the
state in an intermediate focal length state, and FIG. 4C shows
the state at the telephoto end. FIGS. 5A, 5B, and 5C are cross
sectional views of a zoom lens according to the fifth example
of'the present invention taken along its optical axis, showing
its configuration in the state in which the zoom lens is focused
on an object point at infinity, where FIG. 5A shows the state
at the wide angle end, FIG. 5B shows the state in an interme-
diate focal length state, and FIG. 5C shows the state at the
telephoto end. FIGS. 6 A, 6B, and 6C are cross sectional views
of'a zoom lens according to the sixth example of the present
invention taken along its optical axis, showing its configura-
tion in the state in which the zoom lens is focused on an object
point at infinity, where FIG. 6 A shows the state at the wide
angle end, FIG. 6B shows the state in an intermediate focal
length state, and FIG. 6C shows the state at the telephoto end.

FIGS. 7A, 7B, and 7C are cross sectional views of a zoom
lens according to the seventh example of the present invention
taken along its optical axis, showing its configuration in the
state in which the zoom lens is focused on an object point at
infinity, where FIG. 7A shows the state at the wide angle end,
FIG. 7B shows the state in an intermediate focal length state,
and FIG. 7C shows the state at the telephoto end. FIGS. 8A,
8B, and 8C are cross sectional views of a zoom lens according
to the eighth example of the present invention taken along its
optical axis, showing its configuration in the state in which the
zoom lens is focused on an object point at infinity, where FIG.
8A shows the state at the wide angle end, FIG. 8B shows the
state in an intermediate focal length state, and FIG. 8C shows
the state at the telephoto end. In FIGS. 1A to 8C, a first lens
unit is denoted by 1, a second lens unit is denoted by G2, a
third lens unit is denoted by G3, a fourth lens unit is denoted
by G4, a fifth lens unit is denoted by G5, an aperture stop is
denoted by S, a plane parallel plate constituting a low pass
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filter on which wavelength restriction coating for blocking or
reducing infrared light is applied is denoted by F, a plane
parallel plate constituting a cover glass for an electronic
image pickup element is denoted by C, and the image plane is
denoted by 1. A multi-layer coating for wavelength restriction
may be applied to the surface of the cover glass C. The cover
glass C may be adapted to have a low pass filtering effect. The
low pass filtering effect of the plane parallel plate F may be
eliminated.

In each example, the aperture stop S moves integrally with
the third lens unit G3. All the numerical data of the embodi-
ments are for the state in which the zoom lens is focused on an
object at infinity. In the numerical data, dimensions are in
millimeters and angles are in degrees. In all the embodiments,
focusing is performed by moving the fourth lens unit G4.
Zoom data will be given for the wide angle end (WE), for the
intermediate focal length state (ST), and for the telephoto end
(TE).

Focusing from infinity to a very short distance is performed
by moving the fourth lens unit toward the image side. Image
stabilizing operation is performed by shifting the fourth lens
unit in directions perpendicular to the optical axis.

In the wide angle focal length range, image processing for
correcting negative distortion is performed. This is the reason
why the image height is lower at the wide angle end.

As shown in FIGS. 1A, 1B, and 1C, the zoom lens accord-
ing to the first example includes, in order from the object side,
a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens L.2. The second lens unit G2
is composed of a biconcave negative lens 1.3, a biconcave
negative lens L4, a biconvex positive lens L5, and a negative
meniscus lens [.6 having a convex surface directed toward the
image side. The biconcave negative lens [.4 and the biconvex
positive lens L5 are cemented together. The third lens unit G3
is composed of a biconvex positive lens 1.7, a positive menis-
cus lens [L.8 having a convex surface directed toward the
object side, a negative meniscus lens 1.9 having a convex
surface directed toward the object side, and a biconvex posi-
tive lens L.10. The positive meniscus lens [.8 and the negative
meniscus lens [.9 are cemented together. The fourth lens unit
G4 is composed of a negative meniscus lens [.11 having a
convex surface directed toward the object side. The fifth lens
unit G5 is composed of a biconvex positive lens [L12. The lens
elements in each lens unit are arranged in the mentioned order
from the object side.

There are six aspheric surfaces, which include both sur-
faces of the biconvex positive lens 1.2, the object side surface
of'the biconcave negative lens 1.4, both surfaces of the bicon-
vex positive lens [.7, and the image side surface of the bicon-
vex positive lens [L12.

As shown in FIGS. 2A, 2B, and 2C, the zoom lens accord-
ing to the second example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
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second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 first moves toward the image side
and thereafter moves toward the object side, the second lens
unit G2 moves toward the image side, the third lens unit G3
moves toward the object side, the fourth lens unit G4 moves
toward the object side, the fifth lens unit G5 moves toward the
image side, and the aperture stop S moves toward the object
side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens 2. The second lens unit G2
is composed of a biconcave negative lens [.3, a biconcave
negative lens [.4, and a biconvex positive lens 5. The third
lens unit G3 is composed of a biconvex positive lens 16, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a negative meniscus lens [.8 having a
convex surface directed toward the object side, and a bicon-
vex positive lens [.9. The fourth lens unit G4 is composed of
a negative meniscus lens .10 having a convex surface
directed toward the object side. The fifth lens unit G5 is
composed of a biconvex positive lens [.11. The lens elements
in each lens unit are arranged in the mentioned order from the
object side.

There are eight aspheric surfaces, which include both sur-
faces of the biconvex positive lens .2, the object side surface
of the biconcave negative lens L4, the image side surface of
the biconvex positive lens L5, both surfaces of the biconvex
positive lens L6, the image side surface of the biconvex posi-
tive lens 1.9, and the image side surface of the biconvex
positive lens L11.

As shown in FIGS. 3A, 3B, and 3C, the zoom lens accord-
ing to the third example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens 2. The second lens unit G2
is composed of a biconcave negative lens [.3, a biconcave
negative lens [.4, a biconvex positive lens L5, and a biconcave
negative lens [.6. The third lens unit G3 is composed of a
biconvex positive lens L7, a positive meniscus lens L8 having
a convex surface directed toward the object side, a negative
meniscus lens [.9 having a convex surface directed toward the
object side, and a biconvex positive lens [.10. The fourth lens
unit G4 is composed of a biconcave negative lens L11. The
fifth lens unit G5 is composed of a biconvex positive lens [.12.
The lens elements in each lens unit are arranged in the men-
tioned order from the object side.

There are five aspheric surfaces, which include the image
side surface of the biconvex positive lens 1.2, the object side
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surface of the biconcave negative lens [.4, both surfaces of the
biconvex positive lens 1.7, and the image side surface of the
biconvex positive lens [12.

As shown in FIGS. 4A, 4B, and 4C, the zoom lens accord-
ing to the fourth example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens L.2. The second lens unit G2
is composed of a biconcave negative lens 1.3, a biconcave
negative lens [.4, and a biconvex positive lens L5. The third
lens unit G3 is composed of a biconvex positive lens L6, a
negative meniscus lens 7 having a convex surface directed
toward the object side, and a biconvex positive lens L.8. The
negative meniscus lens 1.7 and the biconvex positive lens L8
are cemented together. The fourth lens unit G4 is composed of
a negative meniscus lens 1.9 having a convex surface directed
toward the object side. The fifth lens unit G5 is composed of
a biconvex positive lens 1.10. The lens elements in each lens
unit are arranged in the mentioned order from the object side.

There are eight aspheric surfaces, which include both sur-
faces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens .2, the object side surface of the bicon-
cave negative lens L4, both surfaces of the biconvex positive
lens L6, and the image side surface of the biconvex positive
lens L10.

As shown in FIGS. 5A, 5B, and 5C, the zoom lens accord-
ing to the fifth example includes, in order from the object side,
a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens L.2. The second lens unit G2
is composed of a biconcave negative lens 1.3, a biconvex
positive lens [.4, and a biconcave negative lens L5. The third
lens unit G3 is composed of a biconvex positive lens L6, a
biconvex positive lens .7, a biconcave negative lens L8, and
a biconvex positive lens [.9. The biconvex positive lens L7
and the biconcave negative lens .8 are cemented together.
The fourth lens unit G4 is composed of a biconcave negative
lens [.10. The fifth lens unit G5 is composed of a positive
meniscus lens [11 having a convex surface directed toward
the image side. The lens elements in each lens unit are
arranged in the mentioned order from the object side.
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There are nine aspheric surfaces, which include both sur-
faces of the biconvex positive lens [.2, both surfaces of the
biconvex positive lens 1.4, both surfaces of the biconcave
negative lens L5, both surfaces of the biconvex positive lens
L6, and the image side surface of the positive meniscus lens
L11.

As shown in FIGS. 6A, 6B, and 6C, the zoom lens accord-
ing to the sixth example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power. A virtual object surface (the first surface) is not shown
in the drawings.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens 2. The second lens unit G2
is composed of a biconcave negative lens [.3, a biconcave
negative lens [.4, and a biconvex positive lens 5. The third
lens unit G3 is composed of a biconvex positive lens 16, a
biconvex positive lens [.7, a biconcave negative lens L8, and
a biconvex positive lens [.9. The biconvex positive lens L7
and the biconcave negative lens .8 are cemented together.
The fourth lens unit G4 is composed of a biconcave negative
lens [.10. The fifth lens unit G5 is composed of a positive
meniscus lens .11 having a convex surface directed toward
the image side. The lens elements in each lens unit are
arranged in the mentioned order from the object side.

There are seven aspheric surfaces, which include both sur-
faces of the biconvex positive lens .2, the object side surface
of'the biconcave negative lens 1.4, both surfaces of the bicon-
vex positive lens L6, and both surfaces of the positive menis-
cus lens L11.

As shown in FIGS. 7A, 7B, and 7C, the zoom lens accord-
ing to the seventh example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side and thereafter moves toward
the image side, the fifth lens unit G5 moves toward the object
side and thereafter moves toward the image side, and the
aperture stop S moves toward the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens 2. The second lens unit G2
is composed of a biconcave negative lens 1.3, a negative
meniscus lens [.4 having a convex surface directed toward the
object side, a biconvex positive lens L5, and a biconcave
negative lens [.6. The third lens unit G3 is composed of a
biconvex positive lens 1.7, a biconvex positive lens 1.8, a
biconcave negative lens [.9, and a biconvex positive lens 1.10.
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The biconvex positive lens .8 and the biconcave negative lens
L9 are cemented together. The fourth lens unit G4 is com-
posed of a negative meniscus lens [.11 having a convex sur-
face directed toward the object side. The fifth lens unit G5 is
composed of a positive meniscus lens [.12 having a convex
surface directed toward the image side. The lens elements in
each lens unit are arranged in the mentioned order from the
object side.

There are seven aspheric surfaces, which include both sur-
faces of the biconvex positive lens 1.2, the object side surface
of the negative meniscus lens L4, both surfaces of the bicon-
vex positive lens [.7, and both surfaces of the positive menis-
cus lens [L12.

As shown in FIGS. 8A, 8B, and 8C, the zoom lens accord-
ing to the eighth example includes, in order from the object
side, a first lens unit G1 having a positive refractive power, a
second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive refrac-
tive power, a fourth lens unit G4 having a negative refractive
power, and a fifth lens unit G5 having a positive refractive
power.

During zooming from the wide angle end to the telephoto
end, the first lens unit G1 moves toward the object side, the
second lens unit G2 moves toward the image side, the third
lens unit G3 moves toward the object side, the fourth lens unit
G4 moves toward the object side, the fifth lens unit G5 moves
toward the image side, and the aperture stop S moves toward
the object side.

The first lens unit G1 is composed of a negative meniscus
lens L1 having a convex surface directed toward the object
side and a biconvex positive lens L.2. The second lens unit G2
is composed of a biconcave negative lens 1.3, a biconcave
negative lens [.4, and a biconvex positive lens L5. The third
lens unit G3 is composed of a biconvex positive lens L6, a
biconvex positive lens .7, a biconcave negative lens L8, and
a biconvex positive lens [.9. The biconvex positive lens L7
and the biconcave negative lens .8 are cemented together.
The fourth lens unit G4 is composed of a biconcave negative
lens [.10. The fifth lens unit G5 is composed of a biconvex
positive lens [.11. The lens elements in each lens unit are
arranged in the mentioned order from the object side.

There are seven aspheric surfaces, which include both sur-
faces of the biconvex positive lens [.2, both surfaces of the
biconcave negative lens L4, both surfaces of the biconvex
positive lens 1.6, and the image side surface of the biconvex
positive lens L11.

Numerical data of each embodiment described above is
shown below. Apart from symbols described above, b
denotes a back focus, {1, f2, . . . denotes a focal length of each
lens unit, FNO denotes an F number, o denotes a half image
angle, r denotes radius of curvature of each lens surface, d
denotes a distance between two lenses, nd denotes arefractive
index of each lens for a d-line, and vd denotes an Abbe’s
number for each lens. The overall length of the lens system
which will be described later is a length which is obtained by
adding the back focus to a distance from the first lens surface
up to the last lens surface. “fb” (back focus) is a unit which is
expressed upon air conversion of a distance from the last lens
surface up to a paraxial image plane.

A shape of the aspheric surface is described by the follow-
ing expression (1) using each aspherical surface coefficient in
each embodiment, when Z is let to be an optical axis in which
a light passing direction is let to be a positive direction, and Y
is let to be a direction orthogonal to the optical axis.

Z=(P/ry [ I+{ 1=K+ 1)V} V244, YA Yo+ A Yo+
41070 @
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where, r denotes a paraxial radius of curvature, K denotes
a conical coefficient, A,, A, A, and A, denote aspherical
surface coefficients of a fourth order, a sixth order, an eight
order, a tenth order, and a twelfth order respectively. More-
over, in the aspherical surface coefficients, ‘e-n’ (where, n is
an integral number) indicates ‘107",

Numerical Example 1

Unit mm

Surface data

Surface no. T d nd vd
Object plane @ @
1 28.316 0.70 1.92286  20.88
2 20.781 0.10
3% 17.990 2.80 1.59282 68.63
4% -72.292 Variable
5 -63.768 0.40 2.00100  29.13
6 9.706 1.75
7* -40.569 0.40 1.72903 54.04
8 10.060 2.15 1.94595 17.98
9 -64.282 0.60
10 -14.698 0.40 1.88300  40.80
11 -52.918 Variable
12 (stop) @ 0.20
13%* 5.427 1.60 1.59201 67.02
14%* -41.053 0.38
15 7.909 0.81 1.65160  58.55
16 9.194 0.32 2.00069  25.46
17 4.577 0.40
18 8.245 1.20 1.69680  55.53
19 -55.924 Variable
20 100.386 0.38 1.65160  58.55
21 5.404 Variable
22 89.154 1.92 1.69350  53.21
23%* -9.106 Variable
24 @ 0.30 1.51633 64.14
25 @ 0.40
26 @ 0.50 1.51633 64.14
27 @ 0.53
Image plane @
(Light receiving surface)
Aspherical surface data
3rd surface
K =0.000
A4 =-4.85430e-06, A6 = 3.27528e-08, A8 = 2.01131e-10
4th surface
K =0.000
A4 =9.58006e-06, A6 = 5.17154e-08
7th surface
K =-108.071
A4 =-7.36982e-05, A6 =4.29192¢-06, AR = -4.87693e-08
13th surface
K =0.000
A4 =-5.33289e-04, A6 = -7.06333e-06, A8 = -3.68233e-07
14th surface
K =0.000
A4 =3.43038e-04, A6 = -3.34905e-06, A8 = 1.28017e-07
23th surface
K =0.000
A4 =6.81915e-04, A6 = -9.11597e-06, A8 = 4.96046e-08
Zoom data
WE ST TE
Focal length 4.56 20.88 87.45
FNO. 2.98 4.93 6.97
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-continued
Unit mm
Angle of field 2w 81.46 19.21 4.92
Image height 3.40 3.86 3.86
1b (in air) 4.76 3.94 1.86
Lens total length (in air) 45.57 50.94 58.97
d4 0.35 10.81 20.40
di1 18.31 5.88 0.10
d19 1.90 4.21 4.13
d21 3.73 9.58 15.96
d23 3.30 248 0.40
Unit focal length
fl =34.35 f2=-6.44 f3=7.73 f4=-8.78 f5=12.01
Numerical Example 2
Unit mm
Surface data
Surface no. T d nd vd
Object plane @ @
1 23.596 0.50 2.00170 20.60
2 16.496 0.10
3% 14.964 3.10 1.72916 54.68
4% -582.501  Variable
5 -127.826 0.28 1.88300 40.76
6 6.336 2.40
7* -12.366 0.44 1.74320 49.34
8 13.831 0.05
9 11.670 1.70 1.94595 17.98
10%* -182.398  Variable
11(stop) @ 0.66
12% 6.065 1.64 1.58313 59.38
13* -37.023 0.30
14 16.940 1.00 1.58313 59.38
15 88.444 0.10
16 102.253 0.30 1.90366 34.00
17 4.820 0.10
18 5.142 1.87 1.58313 59.38
19% -15.863  Variable
20 362039.377 0.50 1.53110 55.91
21 5.257  Variable
22 141.877 2.50 1.53110 55.91
23%* -6.454  Variable
24 ] 0.30 1.51633 64.14
25 ] 0.40
26 ] 0.50 1.51633 64.14
27 ] 0.53
Image plane @

(Light receiving surface)

Aspherical surface data

3rd surface

K =0.000
A4 =-5.30273e-06, A6
4th surface

=-4.71943e-08, A8 = —8.92165e-11

K =0.000
A4 =6.58637e-06, A6 =
7th surface

—-3.13826e-08, A8 = 1.81998e-10

K =0.000
A4 =1.82460e-04, A6 =
10th surface

4.29807e-06, A8 = —2.37813e-08

K =0.000
A4 = 6.54830e-05, A6 =

1.88605e-06
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-continued -continued
Unit mm Unit mm
12th surface 25% -9.500 Variable
5 26 ] 0.30 1.51633 64.14
K =0.000 27 ] 0.40
A4 =-2.32743e-04, A6 =1.71429e-06, A8 = -9.76141e-08, 28 ] 0.50 1.51633 64.14
A10 =1.87507e-08 29 ] 0.53
13th surface Image plane @
(Light receiving surface)
K =0.000 10
A4 =3.86750e-04, A6 = -6.12440e-07, A8 = 1.67085e-07, Aspherical surface data
Al10 =8.65302e-09
19th surface 4th surface
K =0.000 K =0.000
A4 =1.59977e-04, A6 = 7.15466e-06 15 A4 =1.87035e-05, A6 = -2.10391e-08, A8 = 5.48618e-13
23th surface 7th surface
K =0.000 K =0.000
A4 =1.00416e-03, A6 =-1.31391e-06, A8 = -3.62695e-07, A4 =1.81191e-04, A6 = -1.66031e-06, A8 = 1.65462e-07
Al0=1.41161e-08 14th surface
Zoom data 20 K =0.000
A4 =-4.11881e-04, A6 = 6.21513e-07, A8 = 1.02195e-07,
WE ST TE A10 =-3.38270e-08
15th surface
Focal length 4.37 18.81 84.77
FNO. 3.11 4.36 6.69 K =0.000
Angle of field 2w 82.85 21.55 5.14 25 A4 =8.41667e-04, A6 = -1.83259%-21
Image height 3.39 3.86 3.86 25th surface
1b (in air) 5.02 4.61 2.52
Lens total length (in air) 54.59 54.12 61.02 K =0.000
d4 0.45 10.27 18.02 A4 =4.96859e-04, A6 = -7.38374e-06, A8 = 8.49509e-08,
d1o 22.12 7.08 0.54 Al10=-7.26513e-28
d19 2.45 7.19 10.72 30
d21 6.79 7.42 11.66 Zoom data
d23 3.77 3.15 1.07
WE ST TE
Unit focal length
Focal length 444 18.81 84.77
fl =3140 f2=-556 f3=9.07 f4=-9.90 f5=11.69 35 FNO. 3.62 6.05 7.02
Angle of field 2w 82.33 21.40 4.91
Image height 3.39 3.86 3.86
1b (in air) 4.73 4.65 4.62
Numerical Examp]e 3 Lens total length (in air) 46.21 50.88 59.97
d4 0.30 8.85 20.35
40 d12 18.92 6.64 0.30
d21 3.10 5.74 5.24
d23 2.52 8.36 12.82
Unit mm d25 3.28 3.19 3.17
Surface data Unit focal length
Surface no. r d nd vd 4 f1=3293 2=-590 f3=806 f4=-751 15=1119
Object plane @ @
1 18.295 0.70 1.94595 17.98
2 15851 0.10 Numerical Example 4
3 15.851 3.20 1.49700 81.54
4% -71.909 Variable 50
5 -56.757 0.30 1.88300 40.76
6 6.602 2.30
7 —40.246 0.40 174320 49.34 Unit mm
8 25.058 0.10
9 12.886 1.50 1.94595 17.98 Surface data
10 -547.191 035 55
11 —-29.955 0.30 1.83481 42.71 Surface no. T d nd vd
12 75.965 Variable
13(stop) @ 0.00 Object plane @ @
14% 4.867 1.60 1.58313 59.38 1* 36.630 0.80 1.63493 23.90
15% -27.904 0.30 2% 20.718 0.10
16 17.068 0.90 1.61881 63.85 3% 19.512 4.24 1.53110 55.91
17 236619 0.00 60 4 -74795  Variable
18 2236.619 0.30 1.91082 35.25 5 —-85.585 0.40 2.00100 29.13
19 4.074 0.20 6 7.876 2.59
20 4.719 1.49 1.58313 59.38 7* -9.437 0.45 1.53110 55.91
21 -13.320 Variable 8 20.186 0.16
22 -2972.620 0.40 1.74320 49.34 9 19.510 1.62 1.94595 17.98
23 5.590  Variable 65 10 -36.109  Variable
24 60.000 2.20 1.74320 49.34 11(stop) ] 0.66



US 9,088,724 B2

19 20
-continued -continued
Unit mm Unit mm
12% 6.526 2.08 158313 5938 5 d18 2.86 11.78 17.00
13% -32.693 1.32 d20 3.98 1.88 1.11
14 12.419 0.43 1.90366  31.32
15 4.456 3.06 1.48749  70.23 Unit focal length
16 -20.011 Variable
17 48.103 0.40 1.53110  55.91 f1=4820 f2=-7.15 f3=946 f4=-1238 f5=16.74
18 5.768 Variable 10
19 106.839 2.06 1.53110  55.91
20%* -9.631 Variable
21 o 0.30 1.51633  64.14 .
» - 010 Numerical Example 5
23 o 0.50 151633 6414 s
24 o 0.53
Image plane @
(Light receiving surface) Unit mm
Aspherical surface data Surface dafa
20 Surface no. T d nd vd
1st surface
Object plane @ @
K =0.000 1 16.404 0.80 1.80810  22.76
A4 =2.10454e-06, A6 = -4.39811e-08, A8 = —3.52996e-10 2 14.066 0.10
ond surface 3% 12.768 3.71 143875 9493
25 g4x -94.494  Variable
5 -1187.563 0.40 2.00100  29.13
K =0.000 6 6.542 3.00
A4 =-1.19227e-05, A6 = —5.88991e—09, A8 = 54289910 . 9576 180 210300 18.05
3rd surface 8* -15.441 0.19
9% -10.497 0.40 172903  54.04
K =0.000 30 10%* 66.198  Variable
A4 =-2.334156-05, A6 = 2.00844e-08, A8 = —2.04114e-10 11(stop) © 0.66
4th surface 12% 5.393 1.53 1.61881  63.85
13% -26.412 0.83
14 16.838 1.00 1.58267  46.42
K =0.000 15 —81.020 040 191082 35.25
A4 =-6.95768e-07, A6 = -2.14934e-08, A8 = -3.00803e-11 35 16 3.923 0.12
7th surface 17 4201 1.79 151633 64.14
18 -9.498 Variable
K = 0.000 19 -17.541 0.40 172916  54.68
A4 = 1.34479e-04, A6 = 3.28040¢-06, A8 = —7.12919e-08 ;? _878:2? Valr_lgsle L7430 49.29
12th surface 20 2 -8469  Variable
23 o 0.30 151633 64.14
K =0.000 24 @ 0.40
Ad = —3.37024e-04, A6 = 9.95054e-06, A8 = —1.33615e-06, 25 @ 0.50 151633 64.14
A10 = 5.24597e-08 26 it 0.33
Image plane @
13th surface a5 (Light receiving surface)
K =0.000 Aspherical surface data
A4 =2.53182e—04, A6 = 1.40851e-05, A8 = —1.72563e-06,
A10 = 7.58000-08 3rd surface
20th surface K = -0.050
50 A4 = -2.182586-05, A6 = —2.42987¢—08
K =0.000 4th surface
A4 =4.46336e—-04, A6 = 1.52757e-05, A8 = —1.30553e-06,
A10 = 2.48676e-08 K =0.000
A4 =1.68062e—06, A6 = 9.96269e-08
7th surface
Zoom data
55
K = 0.000
WE ST TE A4 =-2.14200e-04, A6 = -1.33123e-05
8th surface
Focal length 4.55 20.95 87.43 K = 0.000
FNO. 2.80 4.97 6.61 Ad = -4.55648e~04, A6 = —5.03409e-06
Angle of field 20 81.77 19.76 4.88 60 9th surface
Image height 3.39 3.86 3.86
b (fn air) > >3 27 §4= _(2)'2;19654 04, A6 = -1.38245e-05
i oai =2. e— =-1 e—
Lens total length (in air) 51.22 62.22 76.53 L0th surface ’
d4 0.45 15.30 30.32
d10 20.11 6.95 0.54 65 K = 0.000

d16 2.00 4.49 5.73 A4 =3.63978e-04, A6 = -2.40843e-05
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-continued -continued
Unit mm Unit mm
12th surface 5 25 *© 0.40
26 o 0.50 151633 64.14
27 o 0.53
K =0.032 Image plane %
A4 =-3.72331e-04, A6 = —1.62761e~05, A8 = 5.32199e-07 (Light receiving surface)
13th surface
Aspherical surface data
K = 0.000 10
A4 =6.57111e-04, AG = —2.04252e-05, A8 = 9.69213¢-07 4th surface
22th surface K = 0.000
A4 =-2.08123e-05, A6 = -3.05414e-08
K =0.146 5th surface
A4 =5.00654e—-04, A6 = —1.67500e-06 15
K = 0.000
A4 =-2.31823e-06, A6 = 8.57958¢—08
Zoom data 8th surface
WE ST TE K = 0.000
20 A4 =9.29998e-05, A6 = 1.48758¢-06
Focal length 4.55 20.00 87.83 13th surface
FNO. 3.81 6.40 6.95 K = 0,000
Angle of field 2@ 81.12 20.95 4.94 Ad = -1.95212e-04, A6 = —3.30607e-06, A8 = 6.34341e—08
Image height 3.39 3.86 3.86 14th surface
fb (in air) 426 3.69 245
Lens total length (in air) 49.70 52.05 55.72 2 K =0.000
4 012 0.03 19.88 A4 =1.24066e—04, A6 = —2.21634e—06, A8 = 1.70957e~07
22th surface
d10 21.62 7.73 0.14
d18 3.09 4.80 3.31 K = 0.000
d20 1.50 7.68 10.83 A4 =-4.38005e-04, A6 = 1.28908¢—05
d22 2.81 2.23 1.00 30 23th surface
) K = 0.000
Unit focal length A4 = 1.623656-04, A6 = 1.534616-05
f1=3233 f2=-6.60 f3=844 f4=-670 f5=11.50 Zoom data
35
WE ST TE
Focal length 4.56 21.80 113.66
Numerical Example 6 FNO. 2.67 4.43 7.08
Angle of field 20 81.81 19.45 3.95
40 Image height 344 3.86 3.86
fb (in air) 7.91 5.67 2.36
Lens total length (in air) 55.65 61.61 69.99
Unit mm ds 0.27 11.78 21.30
di1 22.18 7.83 0.10
Surface data d19 2.12 10.42 12.61
d21 2.12 4.86 12.57
Surface no. T d nd vd 45 d23 6.46 421 0.90
Object plane ® ® Unit focal length
1 o 0.00
2 23.150 0.80 1.80810  22.76 f1=3586 f2=-6.55 f3=11.25 f4=-16.05 f5=13.91
3 17.932 0.10
4% 14.372 4.10 1.49700  81.54 50
5 -139.631  Variable
6 -1627.983 0.39 1.88300  40.80 Numerical Example 7
7 6.623 3.03
g -15.325 0.40 1.74320  49.29
9 18414 0.09
10 15.353 1.90 1.94595 1798 55
11 -91.881  Variable Unit mm
12(stop) @ 1.00
13% 6.731 2.30 1.59201  67.02 Surface data
14% -26.537 0.10
15 7.961 1.94 1.57135  52.95 Surface no. r d vd
16 -14.641 0.30 1.91082  35.25
17 5518 053 0 Object planc @ @
18 12.864 1.40 1.53110  55.91 1 50.628 0.70 191082 35.25
19 -20.728  Variable 2 21.986 0.10
20 -12.751 0.35 1.53110  55.91 3% 15.690 4.10 1.55087 7179
21 25.974 Variable 4% -41.939 Variable
22% —422.120 2.31 1.53110  55.91 5 -32.010 0.39 1.88300  40.76
23* -7.273  Variable 65 6 6.924 1.53
24 o 0.30 1.51633  64.14 7% 36.748 0.40 174320  49.29
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Unit mm
8 12.347 0.10
9 11.062 1.95 1.94595 17.98
10 -4083.155 0.50
11 -21.333 0.41 1.83481  42.71
12 191.160  Variable
13(stop) @ 0.20
14* 6.121 2.06 1.67790  54.89
15% -26.116 0.04
16 9.978 1.69 1.52249  59.84
17 -8.574 0.38 1.91082  35.25
18 5.449 0.27
19 7.954 1.56 1.53110 5591
20 -10.220  Variable
21 98.285 0.36 1.53110 5591
22 4.892  Variable
23* -544.817 2.45 1.53110 5591
24%* -6.977  Variable
25 o 0.30 1.51633 64.14
26 o 0.40
27 o 0.50 1.51633 64.14
28 o 0.53
Image plane @
(Light receiving surface)
Aspherical surface data
3rd surface
K =0.000
A4 =-2.33331e-05, A6 = -8.820866-08, A8 = -3.79850e-10
4th surface
K =0.000
A4 =5.65699¢-06, A6 = —3.83298e-08
7th surface
K =0.000
A4 =3.442326-04, A6 = 1.57622e-06, A8 = 1.91155¢-07
14th surface
K =0.000
A4 =-2.33678e-04, A6 = 1.09430e-06, A8 = —-7.33405¢-09
15th surface
K =0.000
A4 =2.475426-04, A6 = -2.25993e-07
23th surface
K =0.000
A4 =-1.94039e-04, A6 = -6.12963e-06
24th surface
K=-2234
A4 =-541577e-04, A6 = -2.490156-06, A8 = -1.59781e-07
Zoom data
WE ST TE
Focal length 4.55 21.72 113.65
FNO. 3.25 5.46 7.15
Angle of field 20 81.13 19.04 3.86
Image height 3.40 3.86 3.86
b (in air) 5.97 6.38 2.56
Lens total length (in air) 51.53 60.29 68.29
d4 0.45 13.14 27.39
di12 20.77 6.87 0.10
d20 2.15 6.40 8.53
d22 3.00 8.32 10.52
d24 451 4.92 1.10
Unit focal length
f1 =40.87 f2=-6.28 f3=8.94 f4=-9.71 f5=13.29
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Numerical Example 8

Unit mm

Surface data

Surface no. T d nd vd
Object plane @ @
1 24.128 1.00 1.90366  31.32
2 18.091 0.10
3% 16.314 3.90 1.49700 81.54
4% -103.977 Variable
5 -148.933 0.50 2.00100  29.13
6 6.961 2.46
7* -10.446 0.50 1.72903 54.04
8% 127.312 0.14
9 27.188 1.99 1.94595 17.98
10 -24.426 Variable
11(stop) @ 0.66
12%* 6.246 2.20 1.58313 59.38
13%* -25.432 0.32
14 12.829 1.64 1.58913 61.14
15 -68.791 0.50 1.91082  35.25
16 4.508 0.13
17 4.806 2.29 1.51633 64.14
18 -11.910 Variable
19 -43.457 0.52 1.53110 5591
20 5.682 Variable
21 106.839 2.35 1.53110 5591
22% -9.301 Variable
23 @ 0.30 1.51633 64.14
24 @ 0.40
25 @ 0.50 1.51633 64.14
26 @ 0.53
Image plane @
(Light receiving surface)
Aspherical surface data
3rd surface
K =0.000
A4 =-9.99155e-06, A6 = 2.07988e-09
4th surface
K =0.000
A4 =-5.70393e-07, A6 = 3.98849e-08
7th surface
K =0.000
A4 =-4.46296e-05, A6 = 1.37943e-06
8th surface
K =0.000
A4 =-1.23087e-04, A6 = 1.74020e-06
12th surface
K =0.000
A4 =-2.91745e-04, A6 = -4.15026e-07, A8 = 3.94390e-09
13th surface
K =0.000
A4 =4.23024e-04, A6 = 6.65256e-07, A8 = 3.11395e-08
22th surface
K =0.000
A4 =3.90756e-04, A6 = -4.28271e-06
Zoom data
WE ST TE
Focal length 4.55 19.86 87.83
FNO. 3.07 5.13 6.72
Angle of field 20 81.82 21.08 4.94
Image height 3.39 3.86 3.86
b (in air) 5.55 4.04 2.44
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Unit mm
Lens total length (in air) 52.46 58.20 69.69
d4 0.34 12.88 27.24
d1o 21.76 6.96 0.10
d18 2.09 4.47 4.86
d20 1.50 8.64 13.84
d22 4.11 2.60 1.00
Unit focal length
fl=4377 f2=-7.25 f3=9.13 f4=-9.43 f5=16.22

FIGS.9At09L,10A to 10L, 11A to 11L, 12A to 121, 13A
to 131, 14A to 141, 15A to 151, and 16 A to 16L respectively
show aberrations of the zoom lenses according to the first to
eighth examples in the state in which the zoom lenses are
focused on an object point at infinity. FIGS. 9A to 9L are
aberration diagrams of the zoom lens according to the first
example in the state in which the zoom lens is focused on an
object point at infinity. FIGS. 9A, 9B, 9C, and 9D respectively
show spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) at the
wide angle end. FIGS. 9E, 9F, 9G, and 9H respectively show
spherical aberration, astigmatism, distortion, and chromatic
aberration of magnification of the zoom lens in the interme-
diate focal length state. FIGS. 91, 9], 9K, and 9L respectively
show spherical aberration, astigmatism, distortion, and chro-
matic aberration of magnification of the zoom lens at the
telephoto end. FIGS. 10A to 10L are aberration diagrams of
the zoom lens according to the second example in the state in
which the zoom lens is focused on an object point at infinity.
FIGS. 10A, 10B, 10C, and 10D respectively show spherical
aberration, astigmatism, distortion, and chromatic aberration
of magnification of the zoom lens at the wide angle end.
FIGS. 10E, 10F, 10G, and 10H respectively show spherical
aberration, astigmatism, distortion, and chromatic aberration
of magnification of the zoom lens in the intermediate focal
length state. FIGS. 101, 10J, 10K, and 10L respectively show
spherical aberration, astigmatism, distortion, and chromatic
aberration of magnification of the zoom lens at the telephoto
end. FIGS. 11A to 11L are aberration diagrams of the zoom
lens according to the third example in the state in which the
zoom lens is focused on an object point at infinity. FIGS. 11A,
11B, 11C, and 11D respectively show spherical aberration,
astigmatism, distortion, and chromatic aberration of magni-
fication of the zoom lens at the wide angle end. FIGS. 11E,
11F, 11G, and 11H respectively show spherical aberration,
astigmatism, distortion, and chromatic aberration of magni-
fication ofthe zoom lens in the intermediate focal length state.
FIGS. 111, 11J; 11K, and 11L respectively show spherical
aberration, astigmatism, distortion, and chromatic aberration
of magnification of the zoom lens at the telephoto end. FIGS.
12A to 12 are aberration diagrams of the zoom lens accord-
ing to the fourth example in the state in which the zoom lens
is focused on an object point at infinity. FIGS. 12A,12B, 12C,
and 12D respectively show spherical aberration, astigmatism,
distortion, and chromatic aberration of magnification of the
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zoom lens at the wide angle end. FIGS. 12E, 12F, 12G, and
12H respectively show spherical aberration, astigmatism, dis-
tortion, and chromatic aberration of magnification of the
zoom lens in the intermediate focal length state. FIGS. 121,
12J, 12K, and 12L respectively show spherical aberration,
astigmatism, distortion, and chromatic aberration of magni-
fication of the zoom lens at the telephoto end. FIGS. 13A to
13L are aberration diagrams of the zoom lens according to the
fifth example in the state in which the zoom lens is focused on
an object point at infinity. FIGS. 13A, 13B, 13C, and 13D
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the wide angle end. FIGS. 13E, 13F, 13G, and 13H
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens in the intermediate focal length state. FIGS. 131, 137,
13K, and 13L respectively show spherical aberration, astig-
matism, distortion, and chromatic aberration of magnifica-
tion of the zoom lens at the telephoto end. FIGS. 14A to 141
are aberration diagrams of the zoom lens according to the
sixth example in the state in which the zoom lens is focused on
an object point at infinity. FIGS. 14A, 14B, 14C, and 14D
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the wide angle end. FIGS. 14E, 14F, 14G, and 14H
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens in the intermediate focal length state. FIGS. 141, 147,
14K, and 14L respectively show spherical aberration, astig-
matism, distortion, and chromatic aberration of magnifica-
tion of the zoom lens at the telephoto end. FIGS. 15A to 151
are aberration diagrams of the zoom lens according to the
seventh example in the state in which the zoom lens is focused
on an object point at infinity. FIGS. 15A, 15B, 15C, and 15D
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the wide angle end. FIGS. 15E, 15F, 15G, and 15H
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens in the intermediate focal length state. FIGS. 151, 157,
15K, and 15L respectively show spherical aberration, astig-
matism, distortion, and chromatic aberration of magnifica-
tion of the zoom lens at the telephoto end. FIGS. 16A to 161
are aberration diagrams of the zoom lens according to the
eighth example in the state in which the zoom lens is focused
on an object point at infinity. FIGS. 16A, 16B, 16C, and 16D
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the wide angle end. FIGS. 16E, 16F, 16G, and 16H
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens in the intermediate focal length state. FIGS. 161, 16J,
16K, and 16L. respectively show spherical aberration, astig-
matism, distortion, and chromatic aberration of magnifica-
tion of the zoom lens at the telephoto end.

In aberration diagrams, co represents the half angle of
view.

Next, parameter and values of conditional expressions in
each embodiments are described.

Conditional expression Example 1 Example 2 Example 3 Example 4
(1) (Lz/Brow) Fran 0.678 0.723 0.711 0.878
(2)Fre1/Fr, 0.393 0.370 0.388 0.551
(3) Fro/Frex Way, = Voral) 0.008 0.011 0.006 0.017
(4 Fro/Frex 1P, = Poral) 4.732 4.161 3.317 6.561
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(5) Lyz,— Lyz)/Frs 0.153 0.076 0.162 0.289
(6) F,/F, 19.19 19.42 19.11 19.21
Conditional expression Example 5 Example 6  Example 7  Example 8
(1) Lz Brear)/Fro1 0.638 0.618 0.603 0.797
(2) Fr61/Fz, 0.368 0.315 0.360 0.498
(3) Fro/(Frex Way, = Voral) 0.005 0.005 0.010 0.010
(4) Fro/(Frex 1Pg1, = Poral) 3.810 3.382 8.323 8.701
(5) Lyz,— Lyz)/Frs 0.069 0.126 0.147 0.196
(6) F, JF, 19.30 24.94 24.96 19.30
LTLw  LTLt prear  FLG1 FLW FLt vGln  vGlp
Example 1  45.842 59.242  2.545 34347 4555 87.430 20.88 68.63
Example2 54.861 61.289 2.699 31.404 4366 84771 20.60  54.68
Example3 46.483 60.239 2.574 32933 4436 84770 17.98 81.54
Example4 51.490 76.801 1.814 48200 4.551 87441 23.90 5591
Example5 49.975 56.000 2.716 32334 4.551 87.830 22.76  94.93
Example 6 55.923 70.261 3.170  35.859 4.558 113.659 22.76 81.54
Example 7 51.803 68561 2.781 40.870 4.553 113.660 35.25 71.79
Example 8 52.742 69.980 2.007 43.766 4.551 87.827 31.32 81.54
nCn nFn ngn PGln nCp nFp ngp PGlp
Example 1 1.9103 1.9545 1.9823 0.6282 1.5902 1.5988 1.6035 0.5452
Example2 1.9880 2.0365 2.0673 0.6335 1.7251 1.7384 1.7457 0.5444
Example3 1.9312 1.9838 2.0183 0.6544 14951 1.5012 1.5045 0.5373
Example4 1.6274 1.6540 1.6708 0.6334 1.5282 1.5377 1.5429 0.5494
Example5 1.7980 1.8335 1.8559 0.6306 14373 1.4420 1.4444 0.5340
Example 6 1.7980 1.8335 1.8559 0.6306 14951 1.5012 1.5045 0.5373
Example 7 1.9032 1.9291 1.9441 0.5822 1.5485 1.5562 1.5603 0.5390
Example 8 1.8953 1.9241 1.9413 0.5946 14951 1.5012 1.5045 0.5373

FIG. 17 is a cross-sectional view of a compact camera 1 as
an image pickup apparatus in which, the zoom lens according
to the present invention is used, and a small-size CCD (charge
coupled device) or a CMOS (complementary metal oxide
semiconductor) is used. An image pickup lens system 2 is
disposed inside a lens barrel of the compact camera 1, and an
image pickup element surface 4, and a back monitor 5 are
disposed inside a body.

Here, it is also possible to let the image pickup lens system
2 to be detachable from a single-lens mirrorless camera by
providing a mounting portion to the lens barrel. As the mount-
ing portion, for example, a screw type mount or a bayonet
type mount could be used.

The zoom lens described in the embodiments from the first
embodiment to the eighth embodiment is to be used as the
image pickup lens system 2 of the compact camera 1 having
such structure.

FIGS. 18 and 19 show conceptual diagrams of a structure
of'the image pickup apparatus according to the present inven-
tion in which, the zoom lens has been incorporated in a
photographic optical system 41. FIG. 18 is a front perspective
view showing an appearance of a digital camera 40 as an
image pickup apparatus, and FIG. 19 is a rear perspective
view showing an appearance of the digital camera 40.

The digital camera 40 according to the embodiment
includes the photographic optical system 41 positioned on a
capturing optical path 42, a shutter button 45, and a liquid-
crystal display monitor 47. When the shutter button 45 dis-
posed on an upper portion of the digital camera 40 is pressed,
in conjunction with the pressing of the shutter button 45, an
image is captured through the photographic optical system 41
such as the zoom lens according to the first embodiment. An
object image which has been formed by the photographic
optical system 41 is formed on an image pickup element
(photoelectric conversion surface) provided near an image
forming surface. The object image which has been received
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by the image pickup element is displayed as an electronic
image on the liquid-crystal display monitor 47 provided on a
rear surface of the digital camera 40 by a processing unit.
Moreover, it is possible to record the electronic image which
has been captured in a recording unit.

(Internal Circuit Structure)

FIG. 20 is a block diagram showing an internal circuit of
main components of the digital camera 40. In the following
description, the processing unit mentioned above includes
components such as CDS/ADC section 24, a temporary stor-
age memory section 17, and an image processing section 18.
A storage unit includes a storage medium

As shown in FIG. 20, the digital camera 40 includes an
operating section 12, a control section 13 which is connected
to the operating section 12, an imaging drive circuit 16 which
is connected to a control-signal output port of the control
section 13 via buses 14 and 15, the temporary storage memory
section 17, the image processing section 18, a storage
medium section 19, a display section 20, and a set-informa-
tion storage memory section 21.

The temporary storage memory section 17, the image pro-
cessing section 18, the storage medium section 19, the display
section 20, and the set-information storage memory section
21 are capable of inputting and outputting data mutually via a
bus 22. Moreover, a CCD 49 and the CDS/ADC section 24 are
connected to the imaging drive circuit 16.

The operating section 12 includes various input buttons
and switches, and imparts event information input from out-
side (user of camera) via the input buttons and switches to the
control section 13. The control section 13 is a central arith-
metic processing unit such as a CPU with a built-in program
memory which is not shown in the diagram, and controls the
overall digital camera according to a computer program
which has been stored in the computer program memory.

The CCD 49 is an image pickup element which is driven
and controlled by the imaging drive circuit 16, and which
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converts an amount of light for each pixel of the object image
which has been formed through the image pickup optical
system 41 to an electric signal, and outputs to the CDS/ADC
section 24.

The CDS/ADC section 24 is a circuit which amplifies the
electric signal input from the CCD 49, and also carries out
analog-to-digital conversion, and outputs image raw-data
only for the amplification and digital conversion carried out
(bayer data, hereinafter called as ‘RAW data’).

The temporary storage memory section 17 is a buffer such
as a SDRAM, and is a memory unit which temporarily stores
the RAW data output put from the CDS/ADC section 24. The
image processing section 18 is a circuit which reads the RAW
data which has been stored in the temporary storage memory
section 17 or the RAW data which has been stored in the
storage medium section 19, and carries out electrically, vari-
ous image processing including a distortion correction based
on image-quality parameters which have been specified by
the control section 13.

The recording medium section 19 in which, a recording
medium in the form of a stick or a card with a flash memory
is detachably mounted, records and maintains the RAW data
which is transferred from the temporary storage memory
section 17 and image data which has been subjected to image
processing in the image processing section 18.

The display section 20 includes the liquid-crystal display
monitor 47 and displays operation menu, image data, and
RAW data captured. The set-information storage memory
section 21 is provided with a ROM section in which various
image-quality parameters are stored in advance, and a RAM
section which stores the image-quality parameters which
have been read from the ROM section by an input and output
operation of the operating section 12.

The digital camera 40 which is structured in such manner,
by adopting the zoom lens according to the present invention
as the photographic optical system 41, enables zooming, and
enables setting of a first mode which enables focusing includ-
ing up to infinity and a second mode in which it is possible to
achieve substantial (high) magnification, thereby making it
possible to let to be an image pickup apparatus which is
advantageous for both small-sizing and improved perfor-
mance.

As described above, the zoom lens according to the present
invention is useful when it is desired that the zoom lens be
short in overall length while having a high zoom ratio and that
variation in the weight balance with zooming be made small.

The zoom lens and the image pickup apparatus using the
same according to the present invention is advantageous in
that the zoom lens is short in overall length and that variation
in the weight balance with zooming can easily be made small.

What is claimed is:
1. A zoom lens comprising, in order from an object side to
an image side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power; and

a fourth lens unit having a negative refractive power,
wherein

during zooming from a wide angle end to a telephoto end,
a distance between the first lens unit and the second lens
unit, a distance between the second lens unit and the
third lens unit, and a distance between the third lens unit
and the fourth lens unit vary,

in zooming from the wide angle end to the telephoto end,
the first lens unit is located closer to the object side at the
telephoto end than at the wide angle end,
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the first lens unit consists of two lenses including a negative
lens and a positive lens,

the first lens unit has at least one aspheric surface in an
optical path, and

the zoom lens satisfies the following conditional expres-
sion (1):

0.5<(L 12/ Brecr)Fre1<1.0 1),

where L;, is a distance on an optical axis from a refracting
surface closest to the object side in an entire zoom lens system
to an image plane at the telephoto end, §3,.,, is the absolute
value of a lateral magnification of a composite optical system
from the second lens unit to the image plane at the telephoto
end, and F; ., is the focal length of the first lens unit.
2. A zoom lens comprising, in order from an object side to
an image side:
a first lens unit having a positive refractive power;
a second lens unit having a negative refractive power;
a third lens unit having a positive refractive power; and
a fourth lens unit having a negative refractive power,
wherein
during zooming from a wide angle end to a telephoto end,
a distance between the first lens unit and the second lens
unit, a distance between the second lens unit and the
third lens unit, and a distance between the third lens unit
and the fourth lens unit vary,
in zooming from the wide angle end to the telephoto end,
the first lens unit is located closer to the object side at the
telephoto end than at the wide angle end,
the first lens unit consists of two lenses including a negative
lens and a positive lens,
the first lens unit has at least one aspheric surface in an
optical path, and
the zoom lens satisfies the following conditional expres-
sion (2):

0.3<F; 1/F1<0.57 ),

where F; , is the focal length of the first lens unit, and F, is
the focal length of an entire zoom lens system at the telephoto
end.

3. The zoom lens according to claim 1, wherein the zoom
lens comprises a fifth lens unit having a positive refractive
power arranged on the image side of the fourth lens unit, and
a distance between the fourth lens unit and the fifth lens unit
varies during zooming from the wide angle end to the tele-
photo end.

4. The zoom lens according to claim 1, wherein the zoom
lens satisfies the following conditional expression (2):

@,
where F; , is the focal length of the first lens unit, and F, is
the focal length of the entire zoom lens system at the telephoto
end.

5. The zoom lens according to claim 1, wherein the zoom
lens satisfies the following conditional expression (3):

0.3<F, ,/F;<0.57

0.004<F 1/ (Fy X1¥ 61~V 61, )<0.020 3),

where F; , is the focal length of the first lens unit, F;, is the
focal length of the entire zoom lens system at the telephoto
end, v, is the Abbe constant of the positive lens in the first
lens unit, and v 5, , is the Abbe constant of the negative lens in
the first lens unit, v, ,, being expressed by v,,=(n,,-1)/
(0z,~nc,), where n,, is the refractive index of the positive
lens in the first lens unit with respect to the d-line, n,, is the
refractive index of the positive lens in the first lens unit with
respect to the C-line, and n,, is the refractive index of the
positive lens in the first lens unit with respect to the F-line, and
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Vg1, being expressed by v, =(n,,~1)/(n,—n, ), where n,
is the refractive index of the negative lens in the first lens unit
with respect to the d-line, n,, is the refractive index of the
negative lens in the first lens unit with respect to the C-line,
and ng,, is the refractive index of the negative lens in the first
lens unit with respect to the F-line.

6. The zoom lens according to claim 1, wherein the zoom
lens satisfies the following conditional expression (4):

2<F 1/ (FL x| Pg1=Pe1,)<10 ),

where F; ;, is the focal length of the first lens unit, F;, is the
focal length of the entire zoom lens system at the telephoto
end, P, is a value expressed by P, ,=(n_,~nz, )/ (0z,-1.,),
where n,, is the refractive index of the positive lens in the first
lens unit with respect to the g-line, g, is the refractive index
of the positive lens in the first lens unit with respect to the
F-line, and n,, is the refractive index of the positive lens in the
first lens unit with respect to the C-line, and P, ,, is a value
expressed by P, ,=(n,,—ng,)/(0g,-n.,), where n,, is the
refractive index of the negative lens in the first lens unit with
respect to the g-line, n,, is the refractive index of the negative
lens in the first lens unit with respect to the F-line, and n,, is
the refractive index of the negative lens in the first lens unit
with respect to the C-line.

7. The zoom lens according to claim 1, wherein the zoom
lens satisfies the following conditional expression (5):

0.05<(L g7.~L 77.,,)/F7,<0.30 (%),

where L,;,, is a distance on the optical axis from the refract-
ing surface closest to the object side in the zoom lens to the
image plane at the wide angle end, L, is a distance on the
optical axis from the refracting surface closest to the object
side in the zoom lens to the image plane at the telephoto end,
and F,, is the focal length of the entire zoom lens system at the
telephoto end.

8. The zoom lens according to claim 1, wherein the first
lens unit consists, in order from the object side to the image
side, of the negative lens and the positive lens, and each of the
negative lens and the positive lens in the first lens unit is a
single lens.

9. The zoom lens according to claim 8, wherein a distance
between the negative lens and the positive lens increases with
increasing distance from the optical axis.

10. The zoom lens according to claim 1, wherein the posi-
tive lens in the first lens unit has an aspheric surface, and both
the object side surface and the image side surface thereof are
aspheric surfaces.

11. The zoom lens according to claim 1, wherein the fourth
lens unit is located closer to the object side at the telephoto
end than at the wide angle end.
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12. The zoom lens according to claim 1, wherein the zoom
lens comprises a fifth lens unit having a positive refractive
power arranged on the image side of the fourth lens unit,
during zooming from the wide angle end to the telephoto end
the fifth lens unit first moves toward the image side, and the
fifth lens unit is located closer to the image side at the tele-
photo end than at the wide angle end.

13. The zoom lens according to claim 12, wherein during
zooming from the wide angle end to the telephoto end, the
fifth lens unit moves only toward the image side.

14. The zoom lens according to claim 12, wherein during
zooming from the wide angle end to the telephoto end, the
first lens unit moves only toward the object side.

15. The zoom lens according to claim 1, wherein for focus-
ing from a long distance to a short distance, the fourth lens
unit moves toward the image side.

16. The zoom lens according to claim 15, wherein the
fourth lens unit is a single lens.

17. The zoom lens according to claim 1, further comprising
a fifth lens unit, wherein the second lens unit is located closer
to the image side at the telephoto end than at the wide angle
end, the third lens unit is located closer to the object side at the
telephoto end than at the wide angle end, the fourth lens unit
is located closer to the object side at the telephoto end than at
the wide angle end so that the distance between the fourth lens
unit and the third lens unit and the distance between the fourth
lens unit and the fifth lens unit are larger at the telephoto end
than at the wide angle end, and the fifth lens unit is located
closer to the image side at the telephoto end than at the wide
angle end.

18. The zoom lens according to claim 1, wherein the zoom
lens satisfies the following conditional expression (6):

VT<F, /F;,,<50 ©),

where F; , is the focal length of the entire zoom lens system at
the telephoto end, and F; , is the focal length of the entire
zoom lens system at the wide angle end.

19. An image pickup apparatus comprising:

a zoom lens according to claim 1; and

an image pickup element that converts an image formed by

the zoom lens into an electrical signal.

20. An image pickup apparatus according to claim 19,
further comprising a signal conversion unit to which the elec-
trical signal is input to convert it into a signal representing an
image in which distortion of the image formed on the image
pickup element is corrected.
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